Background: Coagulase negative Staphylococci (CoNS) are normal inhabitants of the skin and mucous membranes and thus have been dismissed for a long time as culture contaminants even if they have been isolated from sterile specimens. The risk factors for CoNS infections include patients who are immunocompromised, implanted with foreign bodies or with indwelling devices. The aim of this study was to determine the antimicrobial susceptibility patterns and presence of mecA gene in methicillin resistant CoNS isolated in a teaching and referral hospital in Kenya. Methodology: This was a cross sectional retrospective study. Archived isolates were sub-cultured on 5% sheep blood agar. Speciation and antimicrobial susceptibility patterns were performed by Vitek2 technique. The presence of mecA gene was determined by (PCR). Results: A total of seven species were identified with Staphylococcus epidermidis having the highest percentage at 45.4% and Staphylococcus warneri with the lowest at 2.6%. High resistance to antibiotics that were tested was observed regardless of the source of the isolate. MecA gene was found in 90% of the isolates. Conclusion: Coagulase negative Staphylococci exhibited high levels of resistance generally. Most of the isolates carried the mecA gene. Despite some of the isolates being resistant to Cefoxitin, the mecA gene was not found. There is a possibility that methicillin resistance in these isolates is mediated using a different mechanism.
Introduction
In recent years, CoNS isolation in the clinical microbiology laboratory has increased mainly due to the rise in use of prosthetic devices and the invasive vascular technologies in hospitalized patients rendering them important causative agents of nosocomial bacteremia [1] . Biofilm formation enables attachment and persistence of the bacteria, making them inaccessible to the immune system and antibiotics [2] [3] .
CoNS have been for a long time dismissed as culture contaminants even if they had been isolated from sterile specimens [4] . However, the potential pathogenicity of CoNS was published in 1958 [4] . The risk factor for CoNS infections include patients who are immunocompromised, implanted with foreign bodies or with indwelling devices. CoNS cause several infections including bacteremia, central nervous system shunt infections, endophthalmitis and foreign body infections [5] . CONS strains that are methicillin resistant are a common cause of hospital acquired infections worldwide [6] [7] . CoNS are usually more resistant to antibiotics than S. aureus. In one study done, the resistance in clinical strains to penicillin was 91% [8] [9] . In addition to this, it is expensive to treat MR CoNS because of the long duration it takes to be cured and the higher cost of the drugs. Staphylococcus epidermidis, one of the species in CoNS is considered as a major pathogen of nosocomial bacteremia associated with catheter and neonatal sepsis [10] .
An uncomplicated urinary tract infection (UTI) in women is caused by Staphylococcus saprophyticus, another species within CONS [11] . A number of complications including recurrent infections, nephrolithiasis, acute pyelonephritis and septicemia have been reported [11] . Males of all ages are infected with Staphylococcus saprophyticus [12] . Contamination of indwelling devices occurs most probably with inoculation of a few microorganisms from the patient's skin or mucosa during the process of implantation [13] .
This study aimed to determine the antimicrobial susceptibility patterns and genetic basis for methicillin resistance in archived CoNS obtained from patients seen at the Aga Khan University hospital in Nairobi, Kenya.
Methodology
Study site: Aga Khan University Hospital, Nairobi.
Study design: A cross sectional retrospective study.
Laboratory Procedures

Culture of the Isolates
Archived isolates were initially sub-cultured on 5% sheep blood agar and incubated at 37˚C overnight. The identity of the isolates was confirmed by standard laboratory methods which included colony morphology; small round white colonies and non heamolytic, gram staining; a drop of sterile water was placed on a clean slide and a loopful of bacteria emulsified and the smear was left to air dry. It was then heat fixed by passing the slide through the flame of a spirit lamp three times and left to cool for some time. It was then covered with crystal violet stain for 1 min and then rapidly washed off the stain with clean water. The water was tipped off and the smear covered with Lugol's iodine for 1 min. It was washed with clean water, tipped off and decolorized with acetone for few seconds and then covered with neutral red stain for 2 mins. The slide was wiped behind and placed in a draining rack and left to air dry. Catalase test; two drops of hydrogen peroxide were placed on a clean slide. Using a sterile wooden stick, several colonies of the bacteria were picked and immersed in the solution. Immediate bubbling was looked for. Coagulase test; the bacterial suspension was placed on a drop of plasma on the slide and clumping of the organisms was checked within 10 secs. The Vitek2 (bioMérieux, Marcy I'Etoile, France) compact, was used to characterize the CoNS up to species level
Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was performed using Vitek2, which uses the principal of Minimum Inhibitory Concentration (MIC). The manufacturer's procedures were followed in preparing the samples for antimicrobial testing. The following antibiotics were tested; Penicillin, Oxacillin, Vancomycin, Teicoplanin, Gentamicin, Tobramycin, Erthromycin, Tetracycline, Moxifloxacin, Levofloxacin, Nitrofurantoin/Mupiciron, Linezolid, Clindamycin and Trimethoprim/Sulfamethoxazole. Methicillin resistance was determined by testing resistance to 30 µg Cefoxitin. An inhibition zone of ≤21 was considered as a positive MR CoNS based on the (CLSI Guidelines 2013).
Detection of the mecA Gene
The DNA was extracted using the boiling method as described; Day 1 A loopful of the stocked CoNS isolates were picked and sub-cultured on 5% sheep blood agar at 35˚C overnight.
Day 2
One to two colonies were emulsified in 5 ml trypticase soy broth (TSB). The inoculated TSB tubes were incubated in a shaking incubator at 68 rpm (New Brunswick Scientific, classic series, C24 incubator shaker) at 37˚C overnight.
Day 3 1 ml of the test organism was put into an eppendorf tube and centrifuged at 10,000 rpm for 5 minutes. The supernatant was discarded. The sedimented cells were re-suspended in 1 ml of TE Buffer and vortexed to mix homogeneously. It proceeded to boiling using the heating block for 30 minutes to relaease the DNA. The suspension was then centrifuged at 15,000 rpm for 10 minutes to separate the DNA. The suspension was then discarded and the supernatant which is considered as the template DNA was stored at −80˚C for PCR.
PCR amplifications were performed using a DNA Engine DYAD TM Peltier Thermal Cycler (MJ Research) using the following reaction conditions; denaturation at 95˚C for 5 min-1 cycle, annealing at 56˚C for 30 sec-1 cycle, extension at 72˚C for 1 min/kb -40 cylces and final extension 72˚C for 10 min-1 cycle. The following primers by Inqaba biotec TM sets were used, (mecA F 5 1 TGGCTATCGTGTCACAATCG 3 1 and mecA R 5 1 CTGGAACTTGTTGAGCAGAG 3 1 ). Each PCR reaction included a positive control, which was ATCC 47613, and sterile distilled water as the negative control. The PCR products were electrophoresed on 1% agarose at 120 volts until the loading dye had travelled 1/2 to 3/4 of the full distance of the gel, about 45 mins -1 hr. The products were stained with 10 μM ethidium bromide and DNA fragments were visualized on a UV light box and photographed with Polaroid camera lens with an aperture set at f/11 and exposure time of 30 milliseconds. The positive tests showed a PCR product of 310 bp.
Ethical Approval
Ethical clearance to carry out the study was obtained from Kenya Medical Research Institute (KEMRI) Scientific Steering Committee and Ethical Review Committee.
Results
Even though S. saprophyticus is the only clinically relevant pathogen to patient population, Antimicrobial resistance in other CoNS has clinical implications for vulnerable hospitalized patients. Most of the CoNS (except S. saprophyticus) including blood isolates are considered contaminants from skin and mucosal surfaces yet antimicrobial susceptibility (AST) is performed in routine clinical setting of ICU screening and blood cultures from admitted patients.
Species Distribution
A total of 196 isolates were revived and the species were distributed as shown in Table 1 .
S. epidermidis had the highest number of isolates at 45.4% with the least being S. warneri at 2.6%. A total of 196 CoNS were recovered and identified. Staphylococcus epidermidis was the commonest species (45.4%) followed by Staphylococcus saprophyticus (17.5%), Staphylococcus haemolyticus (15.3%), Staphylococcus hominis (8.2%), Staphylococcus ludgunensis (7.7%), Staphylococcus simulans (3.6%) and Staphylococcus warneri (2.6%) All the isolates n = 196 (100%) were identified to species level with the use of the vitek2 equipment.
Antimicrobial susceptibility testing showed that all blood isolates n = 91 (100%) were sensitive to vancomycin, while n = 83 (91.2%) were resistant to penicillin. A high rate (30%) of antimicrobial resistance to β-lactam antibiotic (Oxacillin) which is conferred by the mecA gene. A binary logistic regression was performed to compare if there is any statistical difference in the antibiotic susceptibility pattern to the four classes of bacterial isolate origin i.e. blood, body fluid, urine and screening swabs and no statistically significant difference was found in susceptibility to all antibiotics tested.
The antimicrobial susceptibility pattern was determined by minimum inhibitory concentration (MIC) method. A total of 14 antibiotics were tested and the specimen type grouped in four groups as shown in Figure 1 . The bars in the graph represent resistance proportions of the isolates in each specimen type. Figure 1 shows anti-microbial susceptibility patterns of CoNS isolated from different specimens.
The mecA Gene Results
60 MR CoNS, 30.6%, were analyzed for the presence of the mecA gene. Most of the methicillin resistant coagulase negative staphylococci expressed the mecA gene presence. Out of the 60 isolates, 54 isolates 90% contained the mecA gene. The remaining 10% which could not express the gene could be harboring other genes that codes for other proteins that induces resistance to beta-lactams.
Discussion
Various isolates of CoNS were grown from a variety of clinical samples as indicated in Table 1 .
The clinical significance of CoNS isolate was determined in each case depending on the patient characteristics such as the hospital area (ICU/HDU/NICU/CCU etc.), comorbid conditions, prior antibiotic use and the source of the sample. Clinical interventions were undertaken with collaboration of the primary physician. For example, Patients were covered with additional antibiotics if CoNS was grown from a ventricular shunt which could not be changed. The other instances where CoNS needed antibiotic coverage were isolation from joint prosthesis. Table 2 shows the resistance patterns of coagulase negative staphylococci against selected antibiotics. Penicillin has the highest percentage of resistance compared to other antibiotics.
Detection of the mecA gene was carried out on 60 isolates which were resistance to Cefoxitin disc. The correlation between the presence of the mecA gene and the phenotypic resistance to methicillin in CoNS is still unwell defined compared to Staphylococcus aureus. A small number of mecA negative CoNS are phenotypically methicillin resistant (Suzuki et al.) . These findings were similar to this study in which 90% of the 60 isolates were MR CoNS and the mecA gene was detected. 10% of the isolates were MR CoNS but the mecA gene could not be detected. This phenomenon according to (Geha et al., 1994) , could be explained by a mechanism in which another non-penicillin-binding protein dependent such as hyper production of β-lactamase or the presence of other low affinity penicillin-binding proteins could be responsible.
